A novel low temperature-fired (950 ) 
I Introduction
The trends of the electronic devices are toward light and slim. The size of the final product can be reduced by integrating different kinds of passive components via cofiring technology [1] [2] [3] .
Mismatched densification kinetics, chemical reaction and thermal expansion mismatch between the layers could generate undesirable defects such as delamination, cracks and camber in the final products [2] [3] [4] . To solve the densification and thermal expansion mismatch problems, a multi-functional material with simultaneously magnetic and varistor properties can be used to fabricate multi-functional passive devices.
ZnO varistors are widely used in electronic devices to protect devices from voltage surge. The varistor property originates from Schottky barrier [5] resulting from the n-type semiconductive grain and p-type or insulated grain-boundary [5] [6] [7] . In ZnO varistors, two kinds of additive oxides are used to improve varistor property [5, 6] . One kind of cation dissolves in ZnO grains to increase the donor concentration, such as Co 2 O 3 , Mn 2 O 3 [5, 8] . The other one is an insoluble ion, which segregates at the grain-boundaries, so-called varistor former, such as BaO, Bi 2 O 3 , Pr 6 O 11 [5, 9] . In ZnO varistors, some ~0.8eV, respectively [5] .
Spinel ferrites are commonly used as the raw materials of the magnetic components [11] to decrease the electromagnetic interference (EMI) of the electronic system [3] . Mayer [12] reported that the ferrites may exhibit varistor properties while Schottky barriers exist, which can be used to fabricate multifunctional varistor-magnetic devices.
However, the multifunctional varistor-magnetic ferrites reported by Mayer was only speculative and no detailed formulation and process were described. ferrites were investigated using scanning electron microscopy (SEM), transmission electron microscopy (TEM), energy dispersion spectroscopy (EDS), and X-ray photoelectric spectroscopy (XPS).
II Experimental Procedures
CuCr 0. into the powders to help the formation of compacts.
The powders were then uniaxially pressed at 100MPa
into disks of 8mm in diameter and 2mm in thickness.
The greens were sintered at 900℃~1000℃ at an interval of 50℃ in air for 2 hours, cooled to 500℃
at 2℃/min then furnace cooled to room temperature.
The bulk density was calculated through the dry weight, diameter and thickness of the sample. The crystalline phase identification was determined using X-ray diffractometry (Siemens, D5000) with Cu-Kα radiation. In-Ga electrodes were rubbed on the sample surface for electrical conduction analyses.
The specimen I-V curves were measured using a A CCFO2 specimen sintered at 900 ℃ was polished using SiC abrasive paper to obtain a polished surface. Another CCFO2 specimen sintered at 900℃ was rapped using a hammer to obtain a fracture surface. The polished (PS) and fracture specimens (FS) were cleaned in acetone. The FS grain boundaries remained on the surface because of the relatively weak linkage between grains. X-ray photoelectron spectroscopy (XPS) (ESCA PHI 1600, Physical Electronics) measurement was performed on both PS and FS with Mg Kα (1253.5eV) radiation.
The sample charge produced by irradiation was determined by measuring the shift in the C 1s signal given by a binding energy of 284.5eV. The X-ray photoelectron spectra were simulated using XPSPEAK41.
The M-H curve was measured using a superconducting quantum interference device magnetometer (MPMS SQUID VSM, Quantum Design) to obtain the coercive force and remanent flux density. specimens, which may be due to the over-sintering. Thus the bright region in Fig.5 can be attributed to Cu-rich phase due to copper has the largest atomic number in CCFO1 specimens. Table I and Fig. 5 show that copper-rich phase may segregate at grain-boundaries and triple junctions, and precipitate in the interiors of the grains. This copper-rich phase(s) may increase the acceptor concentration at the grain-boundaries and enhance the varistor property [19] . The diffraction pattern at position 3 in Fig. 5 is shown in Fig. 6 . Figure 7 shows the diffraction pattern after treating with logarithmic calculation of [20] . The total Cu 2+ 2p 3/2 peak area is larger than the Cu + 2p 3/2 peak in FS.
III Results and Discussion
Conversely, the Cu + 2p 3/2 peak area is larger than the Cu 2+ 2p 3/2 peaks in PS. These results suggest that FS sample contained more Cu 2+ than PS, which may be due to the grain-boundaries exhibit higher oxygen partial pressure than grains. The XPS results show that the valence of chromium and vanadium are 3 and 5, respectively. for the specimens is shown in Fig.10 . The non-linear coefficient of CCFO05 specimens are not shown in 
